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During the investigation of the nature of
joint stiffness, it was shown in man and in the eat
that the greater portion of joint stiffness could
be attributed to changes in the capsule sur-
rounding the joint, rather than to friction at
the joint surfaces (1—3). The capsule mainly
comprises connective tissue, and it was decided
therefore to investigate the properties of con-
nective tissue in vitro from a mechanical
point of view.
It was anticipated that autopsy and biopsy
material would be required, so skin was se-
lected as the most readily accessible source
of connective tissue. Moreover, the skin is
known to be affected by generalized connective
tissue disorders such as Ehler's Danlos syn-
drome and the so-called collagen diseases.
It quickly became apparent that even at
the same site the direction in which the speci-
mcns were taken altered the results profoundly.
The directional effect of skin was first investi-
gated by Langcr (4), who pierced small cir-
cular holes over the surface of a cadaver, and
noted that the resulting wounds assumed an
cliptical configuration. On joining up the major
axes of the clipses he produced a series of lines,
since known as Langer's lines.
The present work extends the observations of
this directional effect and describes histological
and mechanical evidence to suggest an explana-
tion.
MATERIAL AND METHODS
Tests were done on cadavers to investigate di-
rectional properties. Sites from which test speci-
mens were taken were pierced with a sharp awl
% inch diameter, and the configuration adopted
by the wound noted. In another series of tests the
skin of a cadaver was marked with an inch square
ink stamp (Fig. 1) with a line in the center of
the square following the direction of Langer's lines.
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The edges of the square were then cut and the
shrinkage observed.
Specimens of skin were fixed with formal saline,
sectioned along and across Langer's lines and
treated with Mallory trichrome stain.
An extensometert was developed to extend
specimens of skin at a constant rate, and observe
the resulting changes in tension (Fig. 2). The rate
of extension varied from 0.0125 to 32 inches per
minute. The majority of the work was done at
the rate of extension of 02 inches per minute. The
specimen was mounted between two jaws, the
lower one being attached to a nut-block running
on a micrometer screw which was driven via a
series of gear wheels by the chart drive motor of
a 10 inch strip chart recorder. The upper jaw was
used to measure the load and was suspended from
the center of a thin diaphragm, the deflection of
which was detected by an inductive pick-up
mounted at the rear of the machine. The signal
from the pick-up was amplified and fed into the
pen mechanism of the strip chart recorder. On
testing the specimen a stress-strain curve was pro-
duced, the horizontal axis representing the load
applied and the vertical axis the extension.
Specimens of full thickness skin were taken
from the forearm and abdomen. Those from the
forearm were taken from the volar aspect in the
medial part of the left limb, the upper limit of the
incision being two inches below the medial epi-
condyle of the humerus. These from the abdomen
were taken from a paramedian position in the
cpigastric region.
Reproducible specimens were produced by freez-
ing the skin, epidermis downwards, on a block
and shaving with a large microtoine to a thick-
ness of 0.1 inch. A dumbell shape specimen was
stamped out with a die. Its dimensions have been
described elsewhere (5).
RESULTS
On puncturing skin with the awl the cir-
cular wound assumed an eliptical configura-
tion (Fig. 3). By joining the major axes of
the clipses a system of tension lines could be
plotted (Langer's lines).
On cutting around an inch square of skin in
the body, and thus relieviog the tensions due to
t We are grateful to the Arthritis and Rheuma-
tism Council for a grant for apparatus, and to Dr.
C. G. Woods for the histological preparations.
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FIG. 1. Impression of inch square on forearm
SKIN EXTENSOMETER
FIG. 2. Diagram of extensometer
its environment, the specimen shrank, the
amount of shrinkage being greatest in the di-
rection of Langer's lines :{Fig. 4). The mean re-
traction in 54 oneinch squares was found to be
9% in the direction of Langer's lines and 5% at
right angles to this. There was a pronounced
difference with sex (Table I). Skin from women
retracted more than that from men. Similarly
there was a greater retraction of abdominal
skin than forearm skin. This may reflect the
obesity of subjects, since skin retraction was
more pronounced in the obese.
For the forearm skin in 27 subjects the mean
differences in retraction along and across Lan-
ger's lines was .14 inches, standard error of the
mean 0.02. For the abdominal skin in 23 subjects
the mean difference in retraction along and
across Langer's lines was 0.05 inches, the stand-
ard error of the mean 0.02. These differences
were significant at the 1% and 2% levels respec-
tively.
Histological secctions taken along and across
Langcr's lines arc shown in figure 5, where it
is seen that there is considerable orientation
of the fibers in the direction of Langer's lines.
The stress strain curve produced by skin
(Fig. 6) can be characterized by two mathe-
matical equations. The first concerns the ini-
tial portion of the curve and corresponds with
the orientation of collagen fibers within the
skin shown histologically.
where
E = x + y log L
B = extension
L = load
x & y = constants
The second equation is of the form:
where
B = c + kLb
B = extension
L = the load
c, Ic, b = constants
This equation was found to apply also to
the stress-strain curve of rat tail tendon fibers,
-wbicb arc highly orientated collagen fibers.
It has been deduced theoretically and proved
experimentally (6) that the constant b repre-
sents a characteristic of the collagen fibers and
can be described as the rate at which the stiff-
ness of fibers increases. The constant Ic has
been shown to be composed of a quotient
1/nb where 1 represents the unstrctched ori-
entated length of the collagen fibers aid n the
total area of collagen fibers under load. Ex-
amination of the results from specimens will
show whether differences arc due to changes in
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TABLE I
Mean retraction of 1 inch squares of skin along and
across Lan ger's lines for males and females
between the ages of 40 and 60 years
Male Female
Forearm
along 0.07 0.14
across 0.00 0.09
Abdomen
along 0.09 0.19
across 0.05 0.11
the collagen meshwork or the changes in the
properties of the collagen itself.
Experiments were performed in which speci-
mens in the direction of and across Langer's
lines were cut from the same sample of skin
and tested. The results are shown in figure 7.
The specimen taken across Langer's lines ex-
tended considerably further than that taken
along the lines and the constants for the equa-
tions characterizing the two curves are shown in
Table II.
DISCUSSION
The first reference to anisotropy of skin is
by Dupuytren (7), who was called to treat a
patient suffering from stab wounds. It was
claimed that the wounds had been made with a
circular bladed stiletto. However, Dupuytren
observed that the wounds, instead of being
circular, were linear, suggesting that they had
been made with a bladed instrument. This
prompted him to carry out experiments on
cadavers, in which he demonstrated that cir-
cular wounds did indeed assume an eliptical
form. Langer (4) extended these observations
and produced the system of lines for the whole
body, known as Langer's lines (Fig. 8). The
existence of these lines is well recognized by
surgeons, who find that the sides of an in-
cision made along the direction of Langer's
lines tend to be pulled together and heal rapidly
producing minimal scarring, while a wound
made across the lines tends to be pulled open
with ugly scarring.
Cox (8) showed histologically that Langer's
lines followed the direction of preferential on-
Fia. 3 FIG. 4
FIG. 3. Wounds produced by circular awl in forearm, showing direction of Langer's lines
Fio. 4. Inch square after cutting around the margin, showing greater retraction in the
direction of Langer's lines.
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Fie. 5. Histological sections of skin A) across Langer's lines B) along Langer's lines
entation of the fibers, and we have confirmed
this.
Our observations with circular puncture
wounds of the skin and the retraction of squares
of skin cut in the cadaver are best explained by
considering that Langer's lines represent direc-
tions of principle tension. If a circle is pierced
in the skin, it will be subject to radial forces,
and greater deformation will occur in the di-
rection in which these forces arc greatest.
Likewise a square of skin is subject to tensile
forces at its edges. Once these forces are re-
moved, relaxation of the skin takes place, being
greatest in the direction which initially had the
greater tension.
Histologically it has been shown that collagen
fibers sbow some degree of orientation in the
direction of Langer's lines. We can thus postu-
late a theoretical lattice structure (Fig. 9)
which has a mean fiber angle to the direction
of Langcr's lines somewhat less than 45°. This
is similar to the histological picture, though in
flo. 7. Stress/strain curves for abdominal skin from a woman age 88 taken along arid
across Langer's lines.
Fie. 6. Stress/strain curve of normal skin
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TABLE II
Constants for abdominal skin of a woman age 88 yrs
Direction k b
Along Langer's lines 0.43 0.16
Across Langer's lines 0.64 0.16
IDEALIZED FIBER MESH STRUCTURE
Fie. 9. Idealized fiber mesh structure
SPECIMEN CUT ALONG AND
ACROSS LANGER'S LINES
FIG. 10. Specimen cut along and across Langer's
lines.
POSSIBLE CHOICES OF INCISION TO
REMOVE AN AREA OF SKIN
Fio. 11. Possible choices of incision to remove an
area of skin.
an idealized form, being only two dimensional,
whereas in reality the structure is three di-
mensional. If we imagine two specimens cut
from this lattice structure, one in the direc-
lANDER'S
LINES
4 LANDER'S
I LINES
FIG. 8. Direction of Langer's lines
LANGERS LINES
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tion of Langer's lines and the other across (Fig.
10), both these specimens will initially have the
same dimensions. On extension the specimen
taken in the direction of Langcr's lines will
extend only a small amount before all fibers be-
come orientated and parallel to each other, bnt
the one taken across Langer's lines will extend
considerably before the fibers become orien-
tated. Tbis explains the difference in the stress-
strain curves of two such specimens. Due to
the angle of orientation, the specimen taken
across Langer's lines when extended involves a
smaller fiber area than that of the specimen
taken in the direction of the lines. Thus we see
that across Langer's lines we are extending a
smaller number of fibers, which have a greater
orientated length, than those in the direction
along the lines. However, these fibers will in
both cases be the same type of collagen. Con-
firmation of this theory is obtained from the
fact that for specimens tested along and across
Langer's lines, the value of the constant b is
the same. However, the value of the constant k
is changed, which implies that in the direc-
tion across the lines we have an increased fiber
length (constant 1), a reduction in the total
area of collagen under load (constant n), or
both, which in the light of the lattice theory
would seem to be the case. This explains the
value of making surgical incisions along Lan-
ger's lines. Since the sides of such an incision
will be subject to less tensile stress, there is less
tension on the stitches and the wound will
have less tendency to gape. Another reason for
this cosmetic advantage may be that fewer fi-
hers have actually been severed, and conse-
quently healing occurs more readily.
A similar situation prevails in the removal
of a piece of skin such as a circle or square. It
is usual to incorporate this particular area in
an elipse, so that the sides of the wound may be
pulled neatly together. Figure 11 shows two
choices for the directions of the major axis of
these elipses. Both satisfactorily include the
area of skin in question, but it will be realized
that the one in the direction of Langer's lines
will heal more satisfactorily than the one
across.
SUMMARY
The phenomenon of Langer's lines has been
verified and investigated. It has been shown
that Langer's lines are lines of principle ten-
sion in the skin. Histological work has shown
that the lines also follow the direction of gen-
eral orientation of the fibers. It is suggested that
this is the mechanism of production of the
lines. A lattice theory for the structure of skin
has been postulated, the basis of which has
been verified by mathematical results obtained
from mechanical tests carried out on the skin,
using an extensometer constructed for the pur-
pose.
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